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ABSTRACT 

Recent NO c o n c e n t r a t i o n  measurements provided by CONCAWE member companies, conf i rm e a r l i e r  
e s t i m a t e s x o f  o i l  r e f i n e r y  NOx emiss ions .  For  1985, e m i s s i o n s  from r e f i n e r i e s  a r e  c a l c u l a t e d  
t o  c o n t r i b u t e  1.4% and 1.2% of  t o t a l  man-made NO e m i s s i o n s  i n  OECD Europe and EEC-l0 

X 
r e s p e c t i v e l y .  

R e c e n t e l i j k e  meet ingen van c o n c e n t r a t i e s  NO door  de i n  CONCAWE samenwerkende 
X o l i e m a a t s c h a p p i j e n  b e v e s t i g e n  v r o e g e r e  gedane s c h a t t i n g e n  van  e m i s s i e s  van NO . Berekeningen 

geven aan  d a r  i n  1985 de b i j d r a g e  door  o l i e r a f f i n a d e r i j e n  1.4% bedraag t  van d: t o t a l e  
u i t s t o a t  i n  de OECD landen i n  Europa en 1.2% van h e t  t o t a a l  i n  de t i e n  landen van d e  E.E.G. 

Von CONCAWE-Mitgliedsfinnen durchgef i ih r te  neue NOx-Konzentrationsmessungen b e s t a t i g e n  
f r i ihere  Abschatzungen i iber  d i e  NO -Emissionen a u s  E r d i j l r a f f i n e r i e n .  I m  . lahre 1985 b e t r u g  d e r  

X 
b e r e c h n e t e  A n t e i l  d e r  R a F f i n e r i e n  an  den gesamten anthropogenen NO -Emissionen 1.4% i n  den 
OECD-Landern b m .  1.2% i n  den EG-10-Landern. X 

Des mesurea r i c e n t e s  de l a  c o n c e n t r a t i o n  de NOx f o u r n i e s  p a r  d e s  S o c i i t i s  membre de CONCAWE 
conf i rment  les e s t i m a t i o n s  f a i t e s  dans l e  p a s s e  concernan t  l e s  Cmissions de NO p a r  lcs 

X r a f f i n e r i e s  . Pour l ' a n n i e  1985 l ' o n  a c a l c u l E  que l e s  Emissions d e s  r a f f i n e r i e s  c o n t r i b u e n t  
de 1.4% e t  de 1.2% du t o t a l  d e s  Emissions de NO p a r  l'homme dans  les pays  d e  1'OECD Europe 
e t  de 1'EEC-10 r e s p e c t i v e m e n t .  X 

A 10 l a r g o  de 1985 l a s  emis iones  de NO imputab les  a r e f i n e r i a s  s e r i a n  d e l  o rden  d e l  1.5 
por  c i e n t o  (uno y medio por  c i e n t a )  def  t o t a l  d e  l a s  emis iones  d e  NO d e  o r i g e n  humano en  
Europa G c c i d e n t a l  (O.C.D.E. y C.E.E.).Esta estimation s e  basa  en  med'tciones r e c i e n t e s ,  que 
han confirmado 10s r e s u l t a d o s  n b t e n i d o s  en  a n t e r i o r e s  e s t u d i o s  de CONCAWE. 

D a t i  r e l a t i v i  a r e c e n t i  misure  d i  c o n c e n t r a z i o n e  d i  NOx sono s t a t i  mess i  a d i s p o s i z i o n e  
d a l l e  soc ie t ' a  p a r t e c i p a n t i  n e l  CONCAWE. E s s i  confermano p r e c e d e n t i  s t i m e  s u l l e  e m i s s i o n i  d i  
NO da r a f f i n e r i e  p e t r o l i f e r e .  S u l l a  b a s e  d i  q u e s t i  d a t i  5 s t a t o  c a l c o l a t o  che  l e  e m i s s i o n i  
d a f l e  r a f f i n e r i e  n e l  1985 banno c o n t r i b u i t o  p e r  1 '1 .4% e 1 '1 .2% a l l e  e m i s s i o n i  t o t a l i  
an t ropogeniche  n e l l '  Europa O c c i d e n t a l e  (OCSE) e n e l l a  CEE-10 r i s p e t t i v a m e n t e .  
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SUMMARY 

Recent NO concentration measurements, provided by CONCAWE 
X 

member companies, confirm earlier estimates of total oil 
refinery NO emissions. Refinery heaters averaged 325 mg/~m3 and 
refinery bo?lers 500 mg/Nm3, both expressed as NO . The average 
NO concentration in refinery flue gas is 380 mg/&m3. The total 
1985 emissions from refineries are calculated to contribute 1.4% 
and 1.2% of total man-made NO emissions for OECD Europe and 

X EEC-10 respectively. 



INTRODUCTION 

Measured d a t a  on NOx emissions were provided by CONCAWE member 
companies i n  t h e  form of ind iv idua l  d a t a  s e t s  f o r  s epa ra t e  
h e a t e r s  and b o i l e r s .  These d a t a  were analysed t o  i n d i c a t e  both 
t h e  range of NO i n  r e f i n e r y  f l u e  gas and t h e  average 
concent ra t ion .  %he average concent ra t ion  was used t o  es t imate  
t h e  t o t a l  mass NO emission from West European r e f i n e r i e s ,  using 

X 1985 throughputs and est imated f u e l  consumptions. 

NO CONCENTRATION I N  HEATER AND BOILER FLUE GAS 
A 

Figs.  1  and 2 show the  d i s t r i b u t i o n  of NO concent ra t ion  
X measurements i n  r e f i n e r y  h e a t e r s  and b o i l e r s ,  r e spec t ive ly .  The 

da ta  ( i n  t o t a l  187 po in t s )  have been compiled from information 
provided by CONCAWE member companies and cover u n i t s  wi th  o i l ,  
gas  and mixed f i r i n g .  

Fig. 1 ( r e f i n e r y  h e a t e r s ) ,  based on 76 sepa ra t e  da t a  p o i n t s ,  
shows t h a t  NO concent ra t ion  i n  f l u e  gas,  expressed a s  NO 
v a r i e s  mainlyXfrom about 100 t o  550 m g / ~ m 3  (a span of 450 

2 '  

mg/~m3).  Fig. 2  ( r e f i n e r y  b o i l e r s ) ,  shows t h a t  emissions vary i n  
t h e  main from about 350 to  700 m g / ~ m 3  (a  span of 350 mg/~m3). 
For t h e  da ta  submitted, t h e  mean NO emission from b o i l e r s ,  

X mainly o i l  f i r e d ,  i s  500 r n g / ~ r n 3  and from h e a t e r s ,  wi th  a  g r e a t e r  
propor t ion  of gas  f i r i n g ,  i s  325 m g / ~ m 3  - Figs. 1 and 2  c l e a r l y  
i n d i c a t e  t h e  wide range of NO concent ra t ion  i n  f l u e  gas from 
both h e a t e r s  and b o i l e r s .  Stasdard dev ia t ions  a r e  100-120 m g / ~ m 3  
from the  mean va lues .  

Assuming t o t a l  r e f i n e r y  f u e l  f i r e d  t y p i c a l l y  s p l i t s  2 : l  between 
h e a t e r s  and b o i l e r s  r e spec t ive ly ,  t h e  average NO concent ra t ion  

X i n  r e f i n e r y  f l u e  gas i s  380 mg/Nm3. 

CALCULATION OF NO.. MASS EMISSIONS 
A 

The mass NO emission from t h e  petroleum indus t ry  may be 
ca l cu la t ed  from a  knowledge of t h e  r a t i o  of f l u e  gas lhea t  f i r e d ,  
the  t o t a l  hea t  f i r e d  and the  average NO concent ra t ion  i n  f l u e  
gas.  The dry f l u e  gas r a t e  (cor rec ted  t? 3% 0  ) f o r  t y p i c a l  
r e f i n e r y  f u e l  o i l  i s  1 2  ~ m ~ / k g  o i l .  Refinery guel  gas produces 
more f l u e  gas per  kg of f u e l ,  t y p i c a l l y  13.4 ~ m ~ / k ~ ,  but  a  lower 
mass of  f u e l  gas i s  required s i n c e  gas has  a  higher  c a l o r i f i c  
va lue .  Hence t h e  o i l / g a s  r a t i p  i s  not  a  s i g n i f i c a n t  f a c t o r .  The 
f u e l  f i r e d  i n  t h e  t y p i c a l  r e f i n e r y  i n  1985 i s  5.3% of r e f i n e r y  
throughput a s  shown by the  survey j u s t  completed by CONCAWE 
(l) .The OECD Europe r e f i n e r y  throughput i s  560 Mt/yr ( 2 )  and 



EEC-10 throughput is 400 Mt/yr (3). Thus annual NOx emissions 
from refinery fuel firing are: 

OECD Europe: 

To the above must be added the NO emissions from fluid 
catalytic crackers, which are estqmated to add 11% to the fuel 
fired emissions. This results in total NO emissions from the 
petroleum industry of 150 200 t/yr in O E C ~  Europe and 107 300 
t/y in the EEC-10. 

Comprehensive statistical data on total man-made emissions in 
OECD Europe and in the EEC-10 in 1985 are not available, but 
from the published information (4,5) they should be in the 
region of at least 11 Mt/yr and 9 Mt/yr respectively. Thus the 
petroleum industry contribution in the two cases is calculated 
to be 1.4% and 1.2% of the total man-made emissions. 

CONCLUSIONS 

a) The many factors influencing NO formation (e.g. 
heaterlboiler design, combustio6 intensity, fuel quality, 
combustion air preheat) lead to a wide variation in NO 

X concentration in flue gas. 

b The mean NO concentration from 76 refinery heater data 
points is 3q5 m g / ~ m ~  and from 111 boiler data points is 
500 mg/~m3. 

C) Assuming total refinery fuel fired typically splits 2:l 
between heaters and boilers respectively, the average NO 
concentration in refinery flue gas is 380 m g / ~ m ~ .  X 

d) For 1985, the calculated petroleum industry NO emissions 
X are 1.4% and 1.2% of total man-made NO emissions in OECD 

Europe and the EEC-10 respectively. X 
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Fig. 1 NO, emissions from refinery heaters 
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NO, emission rng/Nm3 3 %  oxygen dry basis 

Fig,. 2 NO, emissions from refinery boilers 
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